Across the autism spectrum, level of intelligence is highly dependent on the psychometric instrument used for assessment, and there are conflicting views concerning which measures best estimate autistic cognitive abilities. Inspection time is a processing speed measure associated with general intelligence in typical individuals. We therefore investigated autism spectrum performance on inspection time in relation to two different general intelligence tests. Autism spectrum individuals were divided into autistic and Asperger subgroups according to speech development history. Compared to a typical control group, mean inspection time for the autistic subgroup but not the Asperger subgroup was significantly shorter (by 31%). However, the shorter mean autistic inspection time was evident only when groups were matched on Wechsler IQ and disappeared when they were matched using Raven's Progressive Matrices. When autism spectrum abilities are compared to typical abilities, results may be influenced by speech development history as well as by the instrument used for intelligence matching.
The observation that intelligence in autism is atypical dates back to its earliest descriptions (Asperger, 1991; Kanner, 1973) , with early empirical studies reporting uneven autistic performance both within (Rutter, 1966) and across (Bartak, Rutter, & Cox, 1975) commonly used intelligence tests. It is now wellestablished that intelligence estimates in autism vary with the instrument used for assessment (e.g., Magiati & Howlin, 2001; Mottron, 2004) , but opinions conflict concerning which measurement tool is most accurate. Moreover, general intelligence estimates based on constructs established using typical samples may not be wholly appropriate for autism spectrum individuals, whose neurodevelopmental histories and cognitive architecture are markedly atypical. These issues have obvious implications for determining both the prevalence of intellectual disability in autism and the detailed nature of the autistic cognitive phenotype. As autistic abilities are routinely assessed using comparisons with intelligence-matched controls, the choice of an appropriate intelligence measure is a crucial procedural decision.
General intelligence in autism is commonly estimated with Wechsler intelligence scales, which combine scores from an evolving battery of subtests to estimate full-scale IQ (FSIQ). The third versions of the test (WISC-III, WAIS-III; Wechsler, 1991 Wechsler, , 1997 include a verbal IQ (VIQ) estimate derived from subtests that require both verbal comprehension and production, as well as a performance IQ (PIQ) derived from largely nonverbal subtests that, nonetheless, depend on verbal instructions. Wechsler tests are normed such that typical individuals will tend to achieve similar scores and, thus, an even cognitive profile for FSIQ, PIQ, and VIQ estimates. However, autism spectrum individuals exhibit large variations among the Wechsler subtests. These subtests produce different and uneven profiles in subgroups, divided according to speech development history (Soulières, Dawson, Gernsbacher, & Mottron, 2011) . Asperger individuals, whose diagnostic definition requires nondelayed speech development, show strengths in verbal subtests such as Vocabulary and Information. Autistics, who present with delays and anomalies in speech development, are characterized by good perceptual and visuospatial skills and show a relative peak in the performance subtest Block Design. Overall, it remains unclear which Wechsler subtest scores, or combinations thereof, best estimate intelligence in autism spectrum individuals.
An alternative strategy for estimating general intelligence employs Raven's Progressive Matrices (RPM; Raven, Raven, & Court, 1998) , a widely used test of reasoning ability that requires no verbal responses and minimizes the need for verbal instructions. RPM presents novel problems in a uniform visual format consisting of a matrix of visual patterns that must be solved by locating the missing piece among several provided choices. Items progress from relatively easy perceptual problems to very difficult analytic problems that necessitate rule inference and integration, management of goal hierarchies, and high-level abstraction (Carpenter, Just, & Shell, 1990) . In typical individuals, RPM and Wechsler provide comparable intelligence estimates. However, in autism spectrum individuals, RPM performance may be significantly or even dramatically superior and, at a group level, may reflect their highest Wechsler subtest scores rather than their mean or worst (Bölte, Dziobek, & Poustka, 2009; Charman et al., 2011; Dawson, Soulières, Gernsbacher, & Mottron, 2007; Hayashi, Kato, Igarashi, & Kashima, 2008; Soulières et al., 2011) . The high correlation between autism spectrum and typical individuals' item-by-item RPM performance (Dawson et al., 2007; Morsanyi & Holyoak, 2010; Soulières et al., 2011) implies that, inasmuch as RPM measures general intelligence in the typical population (Neisser, 1998) , it also does so in autism spectrum individuals.
Another potential avenue for investigating autism spectrum intelligence is the use of elementary cognitive tasks known to be associated with general intelligence in the typical population. One candidate is Inspection time (IT), which provides estimates of perceptual processing speed or information processing efficiency (Deary et al., 2004; Waiter et al., 2008) . Visual IT tasks use a psychophysical staircase procedure to measure the minimum stimulus exposure required to accurately perceive which of two vertical lines, presented in a Pi-like configuration (see Figure 1) , is longer. Shorter IT is associated with higher intelligence in typical individuals (Sheppard & Vernon, 2008) . Two meta-analyses (Grudnik & Kranzler, 2001; Kranzler & Jensen, 1989) support the finding that general intelligence measures and IT are negatively correlated (r Ϸ Ϫ.50 after corrections for sampling error, attenuation, and range restriction; but see Mackintosh, 2011 for a critical review).
IT-intelligence associations have been observed in typical samples using various instruments, including RPM (Hill et al., 2011) and Wechsler. Evidence suggests that within Wechsler, the correlation may be stronger with PIQ (Deary, 1996; Nettelbeck & Lally, 1976) , which may result from mandatory involvement of perceptual processing speed in PIQ subtests, or from processing speed and PIQ being modulated by variations of the same underlying source. This source could be at any level: from focused attention, response selection, or response monitoring (Hill et al., 2011; Nettelbeck, 2001) ; to ion channel density, or speed of synaptic transmission; to similar gene ensemble influences (Luciano et al., 2005; Sheppard & Vernon, 2008) ; to combinations of these. In common with RPM, IT does not require verbal comprehension or expression. However, IT is an elementary task, free of the type of problem solving associated with the complex high-level demands of RPM. Thus, with its link to typical general intelligence, IT represents an additional and independent avenue for investigating approaches to measuring general intelligence in the autism spectrum.
Two prior studies have investigated IT in autism spectrum participants. Scheuffgen et al. (2000) found that autism spectrum IT performance was significantly better than predicted by Wechsler scores: IT performance did not differ in 29 typical (mean FSIQ ϭ 118.1) and 18 autism spectrum (15 autistic, three Asperger; mean FSIQ ϭ 82.8) children, as well as in a subgroup of 10 low-FSIQ (M ϭ 68.0) autistic children. In a related study, IT did not differ between autism spectrum (autistic and Asperger individuals) and nonspectrum children matched on FSIQ. As expected, IT was negatively correlated with FSIQ in the controls, but not in autism spectrum children. However, an autism spectrum subgroup with FSIQ under 100 exhibited 11% shorter IT compared to FSIQ-matched controls (Wallace, Anderson, & Happe, 2009 ). These two studies, and a case study of an Asperger savant (Wallace, Happe, & Giedd, 2009 ), failed to support the notion that lower Wechsler IQ scores in autism spectrum individuals can be explained by differences in information processing speed or efficiency. Two other case studies of autistic savants (Anderson, O'Connor, & Hermelin, 1998; Young & Nettelbeck, 1995) found both IT and RPM results superior to what would be predicted from performance on Wechsler or other instruments, including the Columbia Mental Maturity Scale.
In this study, we tested typical and autism spectrum groups using Wechsler IQ, RPM, and IT. Our goal was to compare IT between autism spectrum and typical groups, but also to examine how IT relates to intelligence in the subgroups, and to determine whether earliness of speech development is related to intelligence and IT. From previous findings, we expected the autistic subgroup to outperform Wechsler IQ-matched controls on RPM and IT. If speech delays, perceptual strengths, and an enhanced role for perception in solving RPM (Soulières et al., 2009 ) aggregate in autistics, the strongest association between IT and RPM should be found in this subgroup. Conversely, if nondelayed speech, verbal strengths, and an enhanced role for verbal abilities in RPM performance (Soulières et al., 2011) aggregate in Asperger individu- Figure 1 . One trial in the inspection time task. A fixation cross is presented followed by a blank interval and by the stimulus which is replaced by a visual mask after 10 to 200 ms. als, their early speech development, rather than their IT, should be related to their RPM performance.
Methods

Participants
Participants were randomly recruited from the research database of the Autism Specialized Clinic at Rivière-des-Prairies Hospital (Montreal, Canada). Inclusion criteria were minimum age 14 and Wechsler FSIQ over 75, while exclusion criteria were uncorrected visual impairment, use of illegal drugs, or use of alcohol exceeding two drinks per day. The final sample included 42 autism spectrum and 30 typical individuals. Two Asperger participants took antidepressants (paroxetine and venlaflaxine), one a sleep medication (fluorazepam), and three a stimulant (methylphenidate). None of the autism spectrum participants had known brain lesions or cooccurring genetic, neurological or DSM-IV Axis I psychiatric conditions other than hyperactivity and language disorders. Typical comparison participants were screened through a questionnaire for personal or familial neurological, psychiatric, or medical conditions known to affect brain function. All participants gave written informed consent and received monetary compensation for their participation.
Diagnostic procedures. Most autism spectrum participants were characterized using the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994 ) and the Autism Diagnostic Observation Schedule modules 3 or 4 (ADOS-G; Lord et al., 2000) , combined with expert interdisciplinary clinical assessment. However, some participants were characterized using expert interdisciplinary judgment only (one participant) or combined with ADOS-G (four participants) or ADI-R (six participants).
Subgrouping. To test the hypothesis that autism spectrum cognitive profile differences vary with speech development history, the autism spectrum participants were divided into Asperger and autistic subgroups as based on ADI-R questions: (a) age of first words (#9), (b) age of first phrases (#10), with both measures also available for participants diagnosed without the ADI-R, (c) stereotyped phrases (#33), (d) pronoun reversal (#37), and (e) immediate echolalia (question #17 from the previous ADI version, added here to the ADI-R). We use the term Asperger for individuals without speech onset delay for words (Ͻ24 months) or phrases (Ͻ33 months). The term autistic refers to participants with speech onset delay or any speech atypicalities, including immediate echolalia, stereotyped phrases, or pronoun reversal. Seven participants were excluded because they could not be subgrouped unambiguously (a) because their clinical diagnosis was inconsistent with our speech atypicality classification criteria or (b) because we did not have a speech onset history. The final subgroups included 18 autistic and 17 Asperger participants, all of whom met the strict ADI-R threshold for autism diagnosis. Autistic, Asperger, and typical groups did not differ significantly in Wechsler FSIQ (p ϭ .720), VIQ (p ϭ .245), and PIQ (p ϭ .263; 
Stimuli and Procedure
The participants were seated in a quiet, dimly lit room, surrounded by black wooden panels, with an opening for the screen. A chin rest 73 cm from the screen minimized head movement. The stimuli were presented with E-prime on a 19 in. monitor using a 120-Hz refresh rate. Monitor luminance was checked with a photometer using a gray image before each session to minimize luminance differences across participants (M ϭ 17.7 cd/m 2 , SD ϭ 1.3). Together with stimulus examples, the following instructions were read to the participants: "Two vertical lines of different length will be briefly presented on the screen; the lines will immediately be masked so that you can't see the difference in length anymore and then will disappear. Your task is to indicate which of the two lines was the longest before the appearance of the mask by pressing the left or right button on the response box." Accuracy was stressed rather than response speed. Each trial began with a central fixation cross presented for 1 s, followed by a blank screen lasting 100 ms. The inspection time stimulus was then displayed for a variable duration of 10 to 200 ms and immediately masked for 300 ms by two lines shaped as lightning bolts (48-mm long or 3.76 degrees of visual angle). The two stimulus vertical lines were 2.35 (30 mm) and 2.75 (35 mm) degrees in length. The intertrial interval was 750 ms (see Figure 1) .
Stimulus duration was varied using a staircase procedure, with exposure time decreasing following four consecutive correct responses and increasing after each incorrect response. The first two reversals were 32 ms, the following two reversals were 16 ms steps, and the remaining reversals were 8 ms steps. The run ended after 15 reversals or a maximum of 96 trials. After 12 practice trials, three runs were collected for each participant.
Statistical Analysis
43 autism spectrum and 32 typical participants were tested. All three runs from one autism spectrum and two typical participants were excluded from further analysis because they exhibited extremely long stimulus durations (250 ms or longer, corresponding to 2 SD or more from the mean). These likely resulted from inattention and response key errors affecting the staircase procedure. Eight additional runs in the autism spectrum and five in the typical group were excluded for the same reason.
We employed a mixed-effects model with GROUP as a betweensubjects factor and SUBJECT as a random factor, using the nlme module (Pinheiro, Bates, DebRoy, Sarkar, & the R Development Core Team, 2008) of R, version 2.8.1 (R Development Core Team, 2008). For each run, the detection threshold was determined by averaging the last three stimulus durations obtained with the psychometric staircase. We compared the autism spectrum group (n ϭ 42) to the Wechslermatched typical group (n ϭ 30). We then investigated subgrouping effects by comparing the autistic (n ϭ 18), Asperger (n ϭ 17), and typical (n ϭ 30) groups. Last, we compared the autistic and Asperger subgroups to the RPM-matched typical subgroup (n ϭ 21).
To investigate the association between IT and other intelligence measures, we conducted regression analyses using RPM percentiles, PIQ, VIQ, and FSIQ as dependent variables, exploring effects of IT, GROUP and the IT ϫ GROUP interaction. Interactions clearly not significant (p Ͼ .25) were removed from the model. Residual normality was tested with the Shapiro-Wilk Test. We also used regression analyses to investigate whether age of first phrases predicted IT, RPM, or Wechsler performance. Since RPM percentile scores are not normally distributed, RPM regressions were also run using Z-transformed percentile scores, and yielded similar results.
Results
Inspection Time
Inspection time, the minimal stimulus presentation time allowing detection of the line length difference, did not differ between the autism spectrum (M ϭ 100.5 ms, SD ϭ 38.7) and the FSIQmatched typical groups (M ϭ 114.4 ms, SD ϭ 45.7; t ϭ 1.36, p ϭ .177, Figure 2A) . However, the autistic subgroup exhibited a 31.3% shorter IT (M ϭ 87.1 ms, SD ϭ 31.9) compared to the FSIQ-matched typical group (M ϭ 114.4 ms, SD ϭ 45.7; t ϭ 2.25 p ϭ .028, Figure 2B ). In contrast, the Asperger subgroup (M ϭ 109.7 ms, SD ϭ 40.0) did not differ from the typical group (p ϭ .73), and had ITs 25.9% longer than the autistic subgroup's (t ϭ 1.69; p ϭ .097). Finally, the autistic subgroup's advantage over the typical group disappeared when groups were matched on RPM (typical M ϭ 104.0 ms, SD ϭ 35.2; group difference t ϭ 1.53, p ϭ .132). The Asperger subgroup versus typical group difference remained nonsignificant (p ϭ .635).
Exploratory Regression Analyses
Using FSIQ-matched groups, IT predicted RPM for the autism spectrum group, Percentiles: R 2 ϭ .300, 
Discussion
Compared with a Wechsler IQ-matched typical group, the autistic group's visual IT was significantly shorter, a processing speed advantage that vanished when RPM was used for group matching. In contrast, Asperger and typical groups did not significantly differ in IT performance, independent of the matching instrument used. For autistic individuals, shorter IT was associated with higher RPM scores. This was not the case for Asperger individuals. Conversely, earlier phrase speech onset was associated with higher RPM and PIQ scores in Asperger individuals but not in autistic individuals. Our results, from adolescents and adults with Wechsler FSIQ over 75, add to existing findings of autism spectrum strengths in RPM (e.g., Charman et al., 2011) and offer additional evidence that Wechsler IQ underestimates general intelligence in this population. Indeed, only when their general intelligence was underestimated using Wechsler IQ did the autistic subgroup show a significant IT advantage.
Our results confirm previous autism spectrum IT findings (e.g., Scheuffgen et al., 2000; Wallace, Anderson, et al., 2009) but allow for a more nuanced interpretation. Groups consisting primarily of autistics should perform better on IT than their Wechsler FSIQ scores predict. This effect may be obscured when autistic and Asperger groups are combined. Thus, in interpreting autism spectrum IT results, subgrouping according to speech development history is important, with differential effects depending on the general intelligence measure used to form comparison groups.
Autistics display atypical visual behavior starting very early in development (Ozonoff et al., 2008) , including a preference for complex dynamic patterns (Pierce, Conant, Hazin, Stoner, & Desmond, 2011 ) and atypically short fixations in visual search (Kaldy, Kraper, Carter, & Blaser, 2011) . These behaviors may represent early overt manifestations of IT-related perceptual strengths. These phenomena are of interest with respect to assessing intelligence in autistic infants, toddlers, and preschool children without speech. An early ecological equivalent of short inspection time in the form of fast information capture-perhaps reflected in the frequently observed fast lateral gazes to objects and faces (Kaldy et al., 2011; Mottron et al., 2007 )-could be a more useful predictor of autistic cognitive abilities than commonly used developmental measures.
IT is only a predictor of general intelligence (not a measure), and thus it cannot directly substitute for RPM. However, the simplicity of the IT protocol could give it an important role in early estimation of autistic cognitive potential in situations where no version of RPM can be used.
Collectively, our findings also further the notion of cognitive versatility across the autism spectrum as reflected in RPM performance with respect to task (each item can be solved in multiple ways), processing approach (local or global or both, strategic or nonstrategic; Caron et al., 2006) , and use of perceptual or verbal information (autistic or Asperger). An atypical autonomy among levels and scales of processing in autism spectrum individuals could produce disadvantages in tasks that rigidly require typical processing hierarchies and therefore depend on cognitive similarity to the typical population. Such tasks are characterized by relatively inflexible alternatives with respect to how they must be performed. In contrast, RPM problems can be solved via a multiplicity of approaches, with no requirement that solutions be reached in a typical way (Plaisted, Bell, & Mackintosh, 2011) . This fact strongly suggests the kinds of contexts in which autism spectrum individuals may best use their atypical abilities.
